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(57) ABSTRACT

The present invention relates to a bioabsorbable osteosyn-
thesis fixation device for the fixation of bone fractures or
osteotomies. The fixation device comprises a tip (2), a shaft
(4) and a head (3). The periphery of the shaft (4) comprises
ridges (6) which extend in a direction which forms an angle
with the longitudinal axis of the shaft, the angle being
between —-45° and 45°. The present invention also relates to
a method for manufacturing the bioabsorbable osteosynthe-
sis fixation device.
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BONE FIXATION DEVICE

FIELD OF THE INVENTION

[0001] The present invention relates to a bioabsorbable
osteosynthesis fixation device, such as a pin or a tack, and
a method for manufacturing a fixation device.

[0002] More precisely, the invention relates to an osteo-
synthesis fixation device made of a bio-compatible material
which is entirely absorbable in vivo. The fixation device is
in a form of, an elongated object. It exhibits sufficient
mechanical properties to provide efficacious and reliable
support to, for example, a traumatized skeleton, for a suf-
ficiently long period of time to allow for consolidation and
repair of bone fractures and/or osteotomies. It also exhibits
good bioabsorbability, sufficient to avoid a second surgical
intervention, such as is frequently required to remove metal-
lic osteosynthesis devices.

BACKGROUND OF THE INVENTION

[0003] In surgery, it is known to employ implants manu-
factured of biodegradable (under tissue conditions absorb-
able) polymers for connecting tissues together, and for
securing the healing or growth of the tissues. It is known to
manufacture of partly crystalline or amorphous thermoplas-
tic, biodegradable polymers strong implant materials by
stretching elongated blanks, such as bars, in a such manner
that the structure of the materials is modified and directed
(oriented) increasing the strength and the stiffness of the
material in the direction of orientation.

[0004] U.S. Pat. No. 4,671,280 describes a tissue fastening
device comprising (a) a fastener member having a pair of
legs extending from the same side of a connecting cross
piece, said fastener member adapted to be placed on one side
of'the tissue to be joined with the legs penetrating the tissues,
said fastener member being an oriented crystalline poly-
meric material, whereby the fastener member has sufficient
inherent strength and stiffness so that said legs can penetrate
the tissue to be fastened, and (b) a receiver member to secure
said fastener member in place. U.S. Pat. No. 4,671,280
describes the method to increase strength and stiffness of a
tissue fastening device with solid state orientation (drawing
the fastening device preform to the draw ratio of ca. 7x).

[0005] U.S. Pat. No. 4,898,186 describes an osteosyn-
thetic pin characterized in that the pin is formed substan-
tially of a poly-L-lactic acid having a molecular weight of
approximately at least 70,000, and is formed by axially
drawing ca 2 to ca 10 times at an elevated temperature of ca
70° to ca 120° C. The osteosynthetic pin of U.S. Pat. No.
4,898,186 can be of any desired shape, for example, in the
form of a plate, polygonal prism (such as quadrangular,
pentagonal, hexagonal or octagonal prism), solid cylinder or
the like. Polygonal prism structure may give for the pin a
moderate rotational stability, but it needs an exact diameter
of the drillhole in the bone, because polygonal prism struc-
ture cannot deform significantly if the drillhole is a bit too
small in relation to the maximum transverse diameter of the
pin.

[0006] U.S. Pat. No. 4,968,317 describes a surgical com-
posite comprising a material selected from the group of
resorbable polymer, resorbable copolymer, and mixtures
thereof and further containing oriented, at least partially

Dec. 27, 2007

fibrillated structural units (fibrils) which have been induced
into the material providing said units while said material is
in its original nonfibrillar state by drawing said material in
solid state. This patent describes also rods made of fibrillated
material.

[0007] At higher drawing ratios (typically at drawing
ratios of 7 to 10 or higher) (partial) fibrillation or self-
reinforcing of material takes place, as is described in U.S.
Pat. No. 4,968,317. (Partially) fibrillated materials have
good strength properties in the direction of drawing, but
these materials have poor strength properties in the direction
perpendicular to the drawing direction, because longitudinal
fibrils easily separate from each other. Therefore peeling of
fibrous material from the surface of a pin, tack or mechani-
cally machined screw can happen easily when a fibrillated
(self-reinforced) pin, tack or screw is inserted into a drillhole
in a bone.

[0008] U.S. Pat. No. 6,503,278 describes a material that
degrades after implantation into patient’s tissue, and resorbs
into the patient’s body, which material is manufactured of
polymer, copolymer or polymer alloy. The material has a
noncrystalline, i.e. amorphous structure and is molecularly
oriented and reinforced by mechanical deformation. Further,
the material can be formed into surgical devices, such as
screws and pins, for implantation into a patient.

[0009] Pin with a solid cylinder structure needs a drillhole
of specific size, because too large a drillhole gives a loose
pin fixation and too small a drillhole prevents totally the
insertion of a cylindrical pin. Additionally, the rotational
stability of a bone fragment fixed with one smooth, cylin-
drical pin is poor.

[0010] U.S. Pat. No. 6,296,641 describes a substantially
bioabsorbable, one-piece implant for tissue fixation com-
prising: an elongated cannulated shaft having a longitudinal
axis and a first end, said first end having first and second
sides, said first end comprising a mating surface projecting
only from said first side of said elongated cannulated shaft
so that said second side of said first end of said elongated
cannulated shaft has a smooth surface without a projection,
said mating surface being oriented at an angle of less than 90
degrees with respect to said longitudinal axis of said shaft,
and said mating surface having a width in a direction
perpendicular to the longitudinal axis that is greater than the
width of said shaft. A fixation implant generally includes at
least one shaft configured to securely fit into a hole formed
in bone. The shaft is sufficiently long in relation to the
interior diameter of the hole and, in some preferred embodi-
ments, has locking protuberances, such as threads, ridges, or
barbs, that resist the removal of the shaft from the hole in the
bone when different types of forces, such as tensile or
bending forces, are applied to the implant. The locking
protuberances of implants of this invention are limited to
transverse structures in relation to the longitudinal axis of
the implant.

SUMMARY OF THE INVENTION

[0011] The invention provides a bone fracture fixation
device, such as a pin or a tack, which has a deformable
grooved and ridged surface structure and shape so that it can
be pushed into a drillhole whose diameter is even smaller
than the maximum transverse shaft diameter of-the pin or
the tack to achieve a good, tight fixation of a bone fragment.
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The bone fracture fixation device is strong and tough and has
a high pull-out load carrying capacity. It also gives good
rotational stability for the fixed bone fragment.

[0012] The bone fracture fixation device swells in vivo
slightly in the direction transverse to its longitudinal axis.
The swelling also increases the fixation strength of the
fixation device—fixed bone system. The diameter of the
fixation device increases at least within first six weeks,
preferably at least within first two weeks and most prefer-
ably within first 63 hours in a test in vitro.

[0013] Further, it can be concluded that the fixation device
of the invention promotes the healing process of a bone
fracture. Because the fixation device comprises grooves and
ridges on the surface of its shaft, small canals are formed
between the bottoms of the grooves and the bony wall
surrounding the drillhole. The small canals enhance the
circulation of blood and tissue fluids and thus the healing of
the fracture takes place more rapidly.

BRIEF DESCRIPTION OF THE INVENTION

[0014] The invention provides a bioabsorbable, steriliz-
able polymeric or composite bone fracture or osteotomy
fixation device, such as a pin comprising a shaft. The surface
of the shaft comprises longitudinal grooves. Between the
grooves there are naturally ridges. According to the inven-
tion, the fixation device can also be a bioabsorbable tack (a
pin with an widening head) comprising a shaft. The surface
of the shaft is also provided with longitudinal grooves and
ridges.

[0015] Besides the longitudinal grooves and ridges, the
grooves and ridges may form an angle with the longitudinal
axis of the fixation device. The angle may be between -45°
and 45°, preferably -10° and 10° and more preferably
between -5° and 5°. It is also possible that the grooves and
ridges extend spirally around the longitudinal axis of the
fixation device.

[0016] The pins and tacks with the grooves and ridges on
their surface surprisingly have a deformation capacity on
their surface so that they can be pushed or tapped into a
drillhole in a bone, where the diameter of the drillhole is
even smaller than the maximum diameter of the shaft of the
On or tack in the direction perpendicular to the longitudinal
axis of the pin or tack. As a consequence, the pin or tack of
the invention has a surprisingly good fixation capacity and
rotational stability manifested by the high pull-out force
from the drillhole and by the high torsion resistance of
fixation.

[0017] The osteosynthesis pins and tacks of the present
invention can be manufactured of thermoplastic bioabsorb-
able (bioresorbable or biodegradable) polymers, copoly-
mers, polymer alloys, or composites e.g. of poly-a-hydroxy
acids and other aliphatic bioabsorbable polyesters, polyan-
hydrides,  polyorthoesters, = polyorganophosphatzenes,
tyrosine polycarbonates and other bioabsorbable polymers
disclosed in numerous publications, e.g. in S. Vainionpai et
al. , Prog. Polym. Sci., 14 (1989) 679-716, F1 Pat. No.
952884, F1 Pat. No. 955547 and WO-90/04982, EP 0449867
B1, U.S. Pat. No. 5,569,250, S. 1. Ertel et al., J. Biomed.
Mater. Res., 29 (1995) 1337-1348 as well as in the reference
publications mentioned in the aforementioned publications.

[0018] Pins and tacks in accordance with this invention
can be manufactured of bioabsorbable polymers by using
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one polymer or a polymer alloy. The implants can also be
reinforced by reinforcing the material by fibres manufac-
tured of a resorbable polymer or of a polymer alloy, or with
biodegradable ceramic fibres, such as p-tricalsiumphosphate
fibres, bioactive glass fibres or CaM fibres (cf. e.g.
EP146398). Ceramic powders can also be used as additives
(fillers) in implants to promote new bone formation.

[0019] Tt is natural that the materials and implants of the
invention can also contain various biocompatible additives
for facilitating the processability of the material (e.g. stabi-
lizers, antioxidants or plasticizers) or for changing its prop-
erties (e.g. plasticizers or ceramic powder materials or
biostable fibres, such as carbon) or for facilitating its treat-
ment (e.g. colorants).

[0020] According to one advantageous embodiment the
implant of the invention contains some other bioactive
additive(s), such as antibiotic(s) or other drug(s), chemo-
therapeutic agents, agents activating healing of wounds,
growth factor(s), bone morphogenic protein(s), anticoagu-
lant (such as heparin) etc. Such bioactive implants are
particularly advantageous in clinical use, because they have,
in addition to their mechanical effect, also biochemical,
medical and other effects to facilitate tissue healing and/or
regeneration.

[0021] The fixation devices of the present invention are
typically manufactured in the following way:

[0022] First the polymer raw material (+optional additives
and/or filler(s) and/or reinforcing fibers) in the form of a
powder, flakes, pellets or granulate, etc., will be melted (melt
molded) in a continuous process, such as extrusion, or in a
discontinuous process, such as injection molding or com-
pression molding. The melted material will be formed to a
preform in a mold or die and thereafter it will be cooled so
that it solidifies to an amorphous or partially crystalline
(crystallinity typically 5-50%) preform, such as a cylindrical
rod or bar. Cooling can be accomplished inside a special
mold when the injection molding and compression molding
techniques are used. In extrusion, the preform will be
formed from material melt in a die and the preform will be
led onto a special cooling belt or into a cooling solution to
produce a solid continuous preform.

[0023] The pin or tack of the invention can be formed of
the solid preform by processing the grooves and ridges
mechanically (e.g. by cutting or milling) on the surface of
the pin or tack preform. The tack head can also be formed
mechanically (before forming the grooves and ridges) e.g.
by milling or by turning on a lathe. The head of a tack can
be formed also thermomechanically by compressing or by
upsetting the end of a pin.

[0024] According to one advantageous embodiment the
grooved (and ridged) preform of a pin or tack of the
invention is made by molecular orientation in solid state, at
a temperature of T>Tg (the glass transition temperature of
the material) and T<Tm (the melting temperature, if any, of
the material).

[0025] A molecular orientation is carried out by modifying
biomaterial in solid state mechanically in a temperature
where large scale molecular movements are possible, but
where thermal movement is not strong enough for the
achieved orientation to relax as a result from the molecular
thermal movements.
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[0026] One way of performing the mechanical modifica-
tion is to draw a melt-processed (such as injection molded,
extruded or compression molded), nonoriented billet or
preform (such as a rod) to a typical drawing ratio of 2 to 10
in the direction of the longitudinal axis of the billet. Pref-
erably the drawing ratio is between 2 and 5 because when
solid state drawing is made with low or medium drawing
ratios, the material is oriented in the drawing direction and
its strength and modulus increase in the longitudinal direc-
tion but no fibrillation occurs. According to this invention
the drawing is carried out as a so called die drawing, wherein
the billet is drawn through a heated die to a suitable drawing
ratio using a die, whose inner surface comprises grooves and
ridges, which form the grooved/ridged surface in the billet
during drawing. As a result of the drawing, the molecule
chains and/or parts thereof are directed increasingly to the
draw direction, wherein the strength and toughness of the
material increase in the draw direction. It is possible to use
ultrasound in the die in order to decrease friction between
the die and the bioabsorbable material. Thus, it may be
possible to increase the speed of extrusion.

[0027] If such ridges and grooves are desired whose angle
compared to the longitudinal axis deviates from 0°, it is
possible to wind the billet. One end of the billet is engaged
to the drawing die and the other is engaged to a pull side. In
order to wind the billet it is possible to rotate either the die
or the pull side, or both in opposite directions, or both in the
same direction with different speeds.

[0028] After the drawing, the drawn, grooved and ridged
billet is cooled under stress to the room temperature, and
implants, such as osteosynthesis pins and tacks can be
further processed thereof. Suitable processing methods in
this context also include e.g. sawing (cutting), turning on a
lathe, milling, shearing and other mechanical processing
methods, thermal processing (compression molding under
heat and pressure) or combinations of mechanical process-
ing and thermal processing.

[0029] When the fixation device is used for fixing a bone
fracture, the following method is employed:

[0030] Aholeis drilled in a bone and a fixation device, e.g.
a pin or a tack, is selected according to the dimensions of the
hole. The fixation device is packed in a special holder or
package which comprises a canal whose diameter corre-
sponds to the largest outer diameter of the fixation device.

[0031] The holder can be used in cooperation with a
special applicator instrument. The applicator instrument
comprises an innermost, pistorlike part and an outermost,
hollow part which is concentric with the longitudinal axis of
the innermost part. The innermost part comprises a tip which
is compatible with the cavity or canal of the fixation device.
The cavity or canal is concentric with the longitudinal axis
of the fixation device. The cavity or the canal of the fixation
device can be attached to the tip with a plug connection.

[0032] The fixation device is picked from the holder by the
innermost part of the applicator instrument by attaching the
tip to the cavity or canal of the fixation device. Next, the
innermost part with the fixation device is slid inside the
outermost part of the applicator instrument.

[0033] In the following phase, the outermost part is posi-
tioned in the opening of the drillhole and the outermost part
is aligned with the longitudinal axis of the drillhole. When
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the applicator instrument is in a correct position, the fixation
device is pushed into the drillhole in the bone by the
innermost part, i.e. the innermost part moves inside the
outermost part like a piston. The applicator instrument is
designed so that the fixation device is embedded half of a
millimeter or even a few millimetres below the bone surface
when the innermost part is tapped.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The invention will be described in detail in con-
junction with the accompanying drawings wherein:

[0035] FIGS. 1a-1i show perspective views of pins of the
invention,

[0036] FIG. 2 shows a perspective view of a tack of the
invention,

[0037] FIG. 3 shows a perspective view of a cannulated
pin of the invention,

[0038] FIGS. 4a-4c show side views of tacks of the
invention,

[0039] FIGS. 5a-5g show typical cross-sectional views of
the geometries of the shafts of pins or tacks of the invention,

[0040] FIG. 6 shows a cross-sectional side view of a
package comprising a fixation device and an innermost part
of an applicator instrument,

[0041] FIG. 7 shows a magnified perspective view of the
fixation device and the innermost part of FIG. 6 (partial
view),

[0042] FIG. 8 shows a perspective view of the fixation
device and the innermost part of FIGS. 6 and 7, and an
outermost part,

[0043] FIG. 9 shows a schematic cross-sectional view of
an implanting process,

[0044] FIG. 10 shows a schematic view of an end of a
porcine femur,

[0045] FIG. 11 shows a graphical representation of maxi-
mum biomechanical pull-out forces from different drillhole
sizes in porcine cadaver femur for the pin of the invention
and the reference sample,

[0046] FIG. 12 shows a graphical representation of maxi-
mum torque values within first 90° of rotation of the pin of
the invention having the nominal diameter of 1.5 mm and
the reference sample having the same nominal diameter,

[0047] FIG. 13 shows a graphical representation of mea-
sured torque as a function of a rotation angle up to 90° for
all the 6 tested samples,

[0048] FIG. 14 shows an example of typical rotation
stability graphs of the pin of the invention and the reference
sample, and

[0049] FIG. 15 shows biomechanical in vitro pull-out test
results of the pin of the invention having a nominal diameter
of 1.5 mm.

DETAILED DESCRIPTION OF THE
INVENTION

[0050] Referring to the drawings, in FIG. 1la there is
shown a pin 1 of the invention. The pin 1 comprises a tip 2,
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a head 3 and a shaft 4, which contains longitudinal grooves
5, which are separated from each other by ridges 6. The
grooves 5 and ridges 6 are typically directed in parallel with
the longitudinal axis L of the pin 1, but they can also extend
spirally around the longitudinal axis L, or they can form an
angle with the longitudinal axis L. The tip 2 can be blunt, as
shown in FIG. 15, or sharpened e.g. to a conical or hemi-
spheral form, as shown in FIG. 1a.

[0051] FIG. 1¢ shows a modification of the pin 1. The
ridges 6 and grooves 5 cover only partially the surface of the
shaft 4 in such a manner that only the central part of the shaft
4 is covered with the ridges 6 and grooves 5.

[0052] FIG. 1d shows a pin 1 whose ridges 6 and grooves
5 are discontinuous. An annular space 7 separates the groups
of the ridges 6 and grooves 5 from each other.

[0053] FIG. 1e shows a pin 1 which also has ridges 6 and
grooves 6 in the central part of the pin as in FIG. 1¢, but the
ridges 6 have alternating starting points. The ridges 6 may
differ in length.

[0054] FIG. 1f'shows a pin 1 which is a hybrid of the pins
of FIG. 1d and 1e. The ridges 6 are discontinuous, i.e. they
form annular groups of ridges 6 in the longitudinal direction
of the pin 1. The ridges 6 have alternating starting points.
The ridges 6 may differ in length.

[0055] FIG. 1g shows a pin 1 whose ridges 6 extend
spirally around the longitudinal axis of the pin 1.

[0056] FIG. 1/ shows a pin 1 whose ridges 6 extend
spirally around the longitudinal axis of the pin 1 but half the
ridges 6 have a different direction of rotation when com-
pared to the other half. Thus, the ridges 6 cross each other.

[0057] FIG. 1i shows a pin 1 whose ridges 6 extend
spirally around the longitudinal axis of the pin, but the ridges
6 are discontinuous. Half the ridges 6 have a different
direction of rotation when compared to the other half.

[0058] FIG. 2 shows a tack 9 of the invention. The head 8
of the tack 9 is wider than the shaft 4 of the tack 9. The head
8 may be a conical head.

[0059] FIG. 3 shows a cannulated pin with a canal 10. The
canal 10 extends through the pin along its longitudinal axis
L.

[0060] FIGS. 4a-4c show different shapes of the tack 9 of
the invention. In FIG. 44 the head 8 is a flat circular plate and
the tip 2 is a cone. In FIG. 45 the head 8 is convex and the
tip is a sphere which is cut from its lowest point. In FIG. 4¢
the head 8 comprises a conical part and on top of the conical
part a flat circular plate. The tip 2 is a truncated cone. The
above-mentioned shapes provide only a few examples of the
possible variations. Naturally the shapes of the tips 2 are also
useful in connection with the pin 1.

[0061] FIGS. 5a-5g show cross-sectional views (trans-
verse to the longitudinal axis of a pin 1 or tack 9) of typical
geometries of the grooves and ridges on the surface of the
shaft 4 of the pin 1 or tack 9 of the invention. FIG. 5a shows
a smooth, curved profile comprising grooves 24 and ridges
17. FIG. 5b shows sharp grooves 25 and ridges 18. FIG. 5¢
shows quadrangular grooves 11 and ridges 19. FIG. 54
shows grooves 12 and ridges 20 which taper towards the
periphery of the shaft 4. FIG. 5¢ shows sharp grooves 13 and
blunt, broad ridges 21. FIG. 5/ shows broad grooves 14 and
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broad ridges 22 which additionally include smaller, narrow
grooves 15. FIG. 5¢ shows broad grooves 16 and ridges 23
having a profile which resembles a mushroom. Naturally,
other types of grooves and ridges and their combinations are
also possible in order to attain the deformable surface
structure to the shaft of a pin or tack of the invention.

[0062] In the following, the method for fixing a bone
fracture is explained. At least one fixation device of the
invention is used in the method. A fixation device, e.g. a pin
1, is stored in a special holder/package 26 as shown in FIG.
6. The fixation device comprises a cavity or a canal 10 which
is concentric with the longitudinal axis of the device as
shown in FIG. 7. The fixation device is picked from the
holder 26 by pushing an innermost part 27 of a special
applicator instrument into the holder 26 until the holder 26
meets the cavity or the canal 10 of the fixation device. The
innermost part 27 comprises a tip 28 which is compatible
with the cavity or the canal 10. The canal 10 extends through
the fixation device but the cavity extends only so far that the
tip 28 can penetrate into the cavity. The mounting between
the fixation device and the instrument is achieved with a
plug connection. The holder 26 supports and guides the
fixation device and the instrument when the fixation device
is picked by the instrument.

[0063] The instrument comprises a special supporting
part, i.e. an outermost part 29, into which the fixation device
can be slid. After the fixation device is attached to the
applicator instrument, the system can be rotated to the best
fixation position or inside the innermost part 29 of the
instrument before the insertion into a bone 31. As can be
seen in FIG. 8, the fixation device is firmly attached to the
instrument during the positioning and insertion by the plug
connection. Due to the plug connection and the supporting
and guiding holder/package 26, the fixation device can be
picked on the instrument and inserted into the bone without
touching the fixation device by hand, or dropping the
fixation device, regardless of the insertion angle or the
position of the instrument.

[0064] A hole 30 is drilled to the bone 31 for the fixation
device as shown in FIG. 9. During the insertion of the
fixation device, the applicator instrument and the fixation
device are held in parallel to the longitudinal axis of the
drillhole 30 so that the fixation device can slide safely into
the drillhole 30. The fixation device is inserted by lightly
tapping the instrument with a mallet until the entire fixation
device is fully forced into the drillhole. The applicator
instrument is designed so that it sinks the fixation device ca
0.5 or 1-2 mm below the bone (or cartilage) tissue surface
when a piston is tapped to the end of the tube. This prevents
the head of the fixation device from protruding which could
cause soft tissue irritation.

[0065] After the insertion, if the pin is too long, scissors,
a reciprocating saw, or a hot wire can be used to cut the
fixation device. In such a case, the proximal end of the pin
must be pushed 1-2 mm below the cortical bone surface or
smoothened at least to the cortical bone surface level, to
avoid soft tissue irritation.

[0066] Two or more pin fixations can be applied, if nec-
essary (depending on the nature and size of the fracture). In
such a case the fixation devices, e.g. pins, are inserted at
divergent angles to one another rather than in parallel, to
obtain the best results.
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[0067] On the basis of surgeon’s decision, radiographs
may be taken before wound closure.

[0068] After fixation, the wound is closed in layers apply-
ing standard principles of orthopaedics and traumatology.
Meticulous hemostasis and complete primary skin closure
over the implant are essential.

EXAMPLE

Tests Carried Out with the Fixation Device
[0069]

[0070] The test samples were pins manufactured by
Bioretec Oy, said pins having a nominal diameter of 1.5 mm
(LOT 051222 manufactured in December 2005 in the
Bioretec production facility). The raw material of the pins
was 85L/15G PLGA, with inherent viscosity of 5.5 dl/g
(Boehringer Ingelheim GmbH, Germany), and the pins were
gamma sterilized (Gamma-Service Produktbestrahlung
GmbH, Germany). PLGA is a copolymer of L-lactide and
glycolide, the amount of L-lactide was 85 wt.-% and the
amount of glycolide was 15 wt.-%.

Identification of the Test Samples

[0071] The pins were manufactured by melt extruding a
longitudinal, cylindrical billet. The billet was uniaxially
oriented in a die drawing process following the extruding
process. In the die drawing process the billet was formed
into its final grooved cross sectional shape. Between extrud-
ing and drawing there may be time for the billet to cool
down, or the billet is actively cooled between these process
steps. It is possible that the extruding process and the die
drawing process take place on different process lines, or on
the same process line, i.e. the process is a continuous
process. Cutting, chamfering and drilling of an instrument
hole, i.e. a cavity or a canal, in the pin was accomplished
with mechanical machining. Manufacturing process phases
and inspections were made according to Standard Operation
Procedures (SOP) and technical drawings.

[0072]

[0073] Pin products, which are currently marketed by a
competitor, were used as reference samples. The nominal
diameter of these pins was the same as the diameter of the
test samples.

Identification of the Reference Samples
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[0074] 1.Biomechanical Pull-Out Test with Variable Drill-
holes
[0075] 1.1. Objective of the Test

[0076] The objective for the test was to study the insertion
feel and compare the influence of different drill bit diameters
on the biomechanical pull-out forces. This test was executed
to evaluate and prove the adaptability of the pins into
inaccurate drillholes caused by inaccurate drill bit diameter
or multiple reaming. A pin according the present invention
having a nominal diameter of 1.5 mm and a commercial
reference sample having a nominal diameter of 1.5 mm were
used in the test. The reference sample had a smooth surface.
The used pull-out test method was modified from the
standard ASTM F 2502-05.

[0077] 1.2. Test Methods and Procedures

[0078] The test was carried out using a standard tensile
testing machine (Lloyd 2000S, Farcham, UK). Pins were
inserted into the distal end of a porcine cadaver femur. Three
parallel samples of both pins were inserted 20 mm deep into
drillholes made with 1.40,1.45, 1.50, 1.55 and 1.6 mm drill
bits.

[0079] The pins were installed randomly in the varying
locations in the epiphysis. The test was carried out at room
temperature (23° C.£4° C.). The bone was stored in a
refrigerator and tested after slow melting and tempering. The
pins were inserted using corresponding insertion instru-
ments. Only one bone was used in order to minimize the
variations in results caused by the difference in the bone

quality.

[0080] 1.3. Calculations

[0081] The maximum pullout force was measured in New-
tons. No calculations have been performed to manipulate the
data.

[0082] 1.4.Results for Biomechanical Pull-Out Tests with
Variable Drillholes

[0083] The average maximum pull-out forces from differ-
ent drill-hole sizes are represented in the table below.

TABLE 1

The maximum biomechanical pull-out force measurement results for
the pin of the invention and the commercial reference sample. and the

adaptability with different drillhole sizes in porcine cadaver femur (I = the pin

of the invention. R = the reference sample).

1.40 1.45 1.50 1.55 1.60

drill bit drill bit drill bit drill bit drill bit

Sample R I R I R I R I R I
1 20,56 77.10 2441 14500 8.05 3231 374 454 — 1053
2 95.10 15590 22,93 104.80 14.61 95.63 0.50 3235 — 13.35
3 18.16 185.80 18.84 12470 340 18500 137 2098 — 1297
Average 44.61 139.60 22.06 124.83 8.68 10431 1.87 1929 — 12.28
Min 18.16 77.10 18.84 104.80 3.40 3231 050 454 — 1053
Max 95.10 185.80 24.41 145.00 14.61 185.00 3.74 3235 — 1335
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[0084] The reference sample 2 pulled from the 1.4 mm
hole broke during pullout. All the remaining pins were
successfully pulled out from the bone. The measurements
could not be carried out for the reference samples from the
1.6 mm drillhole, because the force levels were too low to
be measured in this test setup. Such low forces are also most
likely clinically negligible. FIG. 11 shows the data graphi-
cally. The error bars in the graph represent the measured
minimum and maximum values.

[0085] The installation feel was good for the pin of the
invention into the 1.40 to 1.55 mm drillholes, but somewhat
loose into the 1.60 mm drillhole. The reference sample was
difficult to install into holes smaller than 1.45 mm because
of'too tight an insertion feel. The insertion feel was too loose
into holes bigger than 1.50 mm for the reference sample.

[0086] 1.5. Conclusions for Biomechanical Pull-Out Tests
with Variable Drillholes

[0087] The biomechanical average maximum pull-out
force of the pin of the invention having the nominal diameter
of 1.5 mm was at least three times higher than that of the
reference sample having the same nominal diameter. The
test results demonstrate that the surface design of the pin of
the invention reduces the risk of unstable fixation and gives
more tolerance for instrumentation, bone quality and surgi-
cal procedure.

[0088] 2. Biomechanical Rotation Stability Test

[0089] The objective of the test was to evaluate the
rotation stability of the pins inserted into the bone tissue.
Comparison was made between the pin of the invention
having a nominal diameter of 1.5 mm and the reference
commercial sample having the same nominal diameter. Used
rotation stability test method was modified from the standard
ASTM F 2502-05.

[0090] 2.1. Materials and Methods

[0091] The test was carried out using a standard tensile
testing machine (Instron 4411) equipped with a rotation unit.
Pins were inserted into the lateral side of the distal end of a
porcine cadaver femur. Three parallel samples of both pins
were inserted 20 mm deep into drillholes made with a 1.5
mm drill bit. The locations of the drillholes are shown in
FIG. 10.

[0092] The pins of the invention were installed one pin at
a time in the locations marked with black circles 33 and the
reference samples in the locations marked with white circles
34. The test was carried out in room temperature (23° C.+4°
C.). The bone 32 was stored in a refrigerator and tested after
slow melting and tempering. Pins were inserted using cor-
responding insertion instruments. The rotation speed was
0.76 rpm during testing.

[0093] 2.2. Calculations

[0094] The resistance of rotation was measured in New-
tons from the linearly moving load cell as a function of
linear movement. The values were calculated to torque as a
function of rotation angle using equations represented
below.
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[0095] Measured load to torque:
T=Fxr, wherein
[0096] T=Torque [Ncm]

[0097] F=Force [N]=Measured load from the linearly
moving load cell

[0098] r=Radius of the wheel of the measurement appa-
ratus [cm]=4.375 cm

[0099] Measured linear motion to angle:
a=(360°xh)/(2xpx¥), wherein

[0100] a=Angle of rotation [°]

[0101] h=Linear movement distance [cm]

[0102] r=Radius of the wheel of the measurement appa-
ratus [cm]=4.375 cm

[0103] 2.3. Results for Biomechanical Rotation Stability
Test

[0104] The average maximum torque values of first 90° of
rotation measured for the pin of the invention having the
nominal diameter of 1.5 mm and the reference sample
having the same nominal diameter were 3.7 (min 2.9 max
4.2) Nem and 1.2 (min 0.9 max 1.3) Nem, respectively. FIG.
12 shows the measurement results graphically. The error
bars in the graph represent the measured minimum and
maximum values.

[0105] FIG. 13 represents graphically the measured data
of all the 6 samples up to the rotation angle of 90°.

[0106] The three uppermost curves represent the three
parallel samples of the pin of the invention having the
nominal diameter of 1.5 mm and the three lower curves
represent the three parallel samples of the reference sample
having the same nominal diameter. The failure mode of the
fixation in case of the pins of the invention was the rotation
of'the pin in the hole in two cases and the twisting of the pin
in one case. The failure mode of fixation in case of the
reference samples was the rotation of pin in the hole in all
cases. FIG. 14 highlights the differences in the rotation
stability of the pin of the invention and the reference sample.

[0107] The torque level a pin must overcome to start
rotating in the hole is much higher in the case of the pin of
the invention than in the case of the reference sample.
Additionally, the graph reveals the effect of longitudinal
grooves on the pin surface, when the pin is further rotated in
the bone after the initially required torque level is exceeded.

[0108] 2.4. Conclusions for Biomechanical Rotation Sta-
bility Test

[0109] The grooved surface design improves the rotation
stability of the pin of the invention significantly when
compared to the reference samples with round and plain pin
surface. The tested rotation stability values for the pin of the
invention were two to three times higher than the values for
the reference sample.
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[0110] 3. Biomechanical In Vitro Pull-Out Test for the Pin
of the Invention

[0111] 3.1. Objective of the Test

[0112] The objective of this test was to study and deter-
mine the hydrolytic self-locking effect of the oriented pin of
the invention. This feature is caused by dimensional changes
of the pin during hydrolysis.

[0113] 3.2. Test Particles

[0114] Pin samples of 1.5 mmx40 mm were used in the
test.

[0115] 3.3. Test Methods and Procedures

[0116] Tests were performed using cadaver porcine bones.
Pins were inserted into the bone in accordance with normal
surgical procedures. In vitro hydrolysis test at +37° C. in
Sorensen Buffer, pH 7.4+0.2 was carried out for the bones
containing the inserted pins.

[0117] Biomechanical pull-out properties were tested at 0,
4, 8, 23 and 63 hours. Three parallel samples per each point
of time were tested.

[0118] The test was performed with wet samples in room
temperature (23° C.+4° C.), and the maximum pull-out
forces were recorded in Newtons during the test. Pull-out
force was applied to the test specimen at a rate of 1 0
mm/min.

[0119] 3.4. Results for Biomechanical In Vitro Pull-Out
Tests

[0120] The mechanical feature of the oriented pins of the
invention which causes the hydrolytic self-locking effect
could be seen during the biomechanical in vitro pull-out
tests. The required pull-out force gradually increased during
the 63 hour test time. Results are presented with numeric
values in Table 2 and in graph form in FIG. 15.

TABLE 2

Pull-out test results for the 1.5 x 40 mm pin of the invention.

TIMEPOINT
0 hours 4 hours 8 hours 23 hours 63 hours
Sample 1 6145N  42.69N 30.14N 1371 N 145 N
Sample 2 6828 N  8045N 1209N 91.06 N 1123 N
Sample 3 4143 N  3952N 2674N  57.68 N 1758 N
Average 57.05N 5422 N 5926 N 9528 N 14437 N

[0121] 3.5. Conclusions for Biomechanical In Vitro Pull-
Out Tests

[0122] The maximum pull-out force gradually increases
during the 63 hour test time. This is a consequence of the
hydrolytic locking effect for the pin. This behavior is out-
come of the dimensional changes of the oriented pin of the
invention during the hydrolysis.

[0123] 4. Conclusions for Biomechanical Testing

[0124] Biomechanical testing demonstrated that this new
surface design of the pin surprisingly offers advantage in
relation to the biomechanical properties, and that it creates
the desired advantage into the biomechanical properties of
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the pin, when compared to previously legally marketed
devices used for the same purposes.

[0125] The biomechanical pull-out test determined that
the grooved surface design of the pin causes improved
instant self-locking effect into a drillhole when compared to
the reference sample device. The tested pull-out forces after
implantation were ca 10 times higher for the 1.5 mm pin of
the invention than those of the reference sample device.

[0126] The biomechanical pull-out tests with variable
drillholes determined that the average maximum pull-out
force of the 1.5 mm pin of the invention was typically two
to three times higher than that of the reference sample
having the same diameter. The test results demonstrate that
the surface design of the pin of the invention reduces the risk
of unstable fixation and gives more tolerance for instrumen-
tation, bone quality and surgical procedure than the refer-
ence sample.

[0127] The biomechanical rotation stability tests deter-
mined that the grooved surface design improves rotation
stability of the pin of the invention when compared to the
reference samples with a round and plain pin surface (cylin-
drical pin geometry). The tested rotation stability values for
the pin of the invention were ca three times higher than the
values for the reference sample.

[0128] Biomechanical in vitro pull-out tests determined
that the maximum pull-out force of pins of the invention
gradually increases during the 63 hour test time. This is a
consequence of the hydrolytic self-locking effect for the pin.
This behavior is an outcome of the dimensional changes of
the pin of the invention during the hydrolysis.

[0129] The same dimensional change could be seen during
the in vitro hydrolysis test series of the pin of the invention
which were ongoing at the same time with the in vitro
pull-out tests. During this test the pin of the invention
gradually changed its dimensions. After 2 weeks of hydroly-
sis, the diameter of the pin was increased 0.5% -1% and its
length was decreased 0.5% -1% when compared to the initial
dimensions. After 6 weeks of hydrolysis, the diameter of the
pin was increased 1% -2% and its length was decreased
1%-2% when compared to the initial dimensions. These
dimensional changes are sufficient to create hydrolytic self-
locking, but small enough not to adversely affect the safety
or effectiveness of the fixation with the pin of the invention.

[0130] As one skilled in the art can readily understand, one
can easily produce various modifications of the above-
described fixation device which also naturally belong to the
scope of the claims.

1. A bioabsorbable osteosynthesis fixation device for the
fixation of bone fractures or osteotomies, the fixation device
comprising

a tip,
a head,

a shaft having a longitudinal axis, a nominal diameter and
a maximum diameter, the periphery of the shaft com-
prising ridges which extend to a direction which forms
an angle with the longitudinal axis of the shaft, the
angle being between -45° and 45°, and the maximum
diameter exceeding the nominal diameter.
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2. The bioabsorbable osteosynthesis fixation device of
claim 1, wherein the angle formed with the longitudinal axis
is between -10° and 10°.

3. The bioabsorbable osteosynthesis fixation device of
claim 1, wherein the angle formed with the longitudinal axis
is between -5° and 5°.

4. The bioabsorbable osteosynthesis fixation device of
claim 1, wherein the ridges extend in a direction which is
parallel to the longitudinal axis.

5. The bioabsorbable osteosynthesis fixation device of
claim 1, wherein the ridges form a spiral around the longi-
tudinal axis.

6. The bioabsorbable osteosynthesis fixation device of
claim 1, wherein the ridges are discontinuous.

7. The bioabsorbable osteosynthesis fixation device of
claim 1, wherein the fixation device is a pin or a tack.

8. The bioabsorbable osteosynthesis fixation device of
claim 1, wherein the diameter of the fixation device
increases within at least the first six weeks, preferably within
at least the first two weeks and most preferably within the
first 63 hours in a test in vitro, thus increasing the pull-out
force of the fixation device.

9. The bioabsorbable osteosynthesis fixation device of
claim 1, wherein it consists of a copolymer of L-lactide and
glycolide.

10. A bioabsorbable osteosynthesis fixation device, com-
prising

a conical tip,

a head,

a shaft having a longitudinal axis, a nominal diameter and
a maximum diameter, the periphery of the shaft com-
prising over its whole circumference alternating
grooves and ridges which extend in a direction which
is parallel to the longitudinal axis, and the maximum
diameter exceeding the nominal diameter, and

a cavity which is concentric with the longitudinal axis of
the fixation device.
11. The bioabsorbable osteosynthesis fixation device of
claim 10, wherein the ridges are discontinuous.
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12. The bioabsorbable osteosynthesis fixation device of
claim 10, wherein the fixation device is a pin or a tack.

13. The bioabsorbable osteosynthesis fixation device of
claim 10, wherein the diameter of the fixation device
increases within at least the first six weeks, preferably within
at least the first two weeks and most preferably within the
first 63 hours in a test in vitro, thus increasing the pull-out
force of the fixation device.

14. The bioabsorbable osteosynthesis fixation device of
claim 10, wherein it consists of a copolymer of L-lactide and
glycolide.

15. A bioabsorbable osteosynthesis fixation device for the
fixation of bone fractures or osteotomies, the fixation device
comprising

a tip,
a head,

a shaft having a longitudinal axis, a nominal diameter and
a maximum diameter, the periphery of the shaft com-
prising ridges which extend to a direction which forms
an angle with the longitudinal axis of the shaft, the
angle being between -5° and 5°, and the maximum
diameter exceeding the nominal diameter.
16. The bioabsorbable osteosynthesis fixation device of
claim 15, wherein the ridges are discontinuous.
17. The bioabsorbable osteosynthesis fixation device of
claim 15, wherein the fixation device is a pin or a tack.
18. The bioabsorbable osteosynthesis fixation device of
claim 15, wherein the diameter of the fixation device
increases within at least the first six weeks, preferably within
at least the first two weeks and most preferably within the
first 63 hours in a test in vitro, thus increasing the pull-out
force of the fixation device.
19. The bioabsorbable osteosynthesis fixation device of
claim 15, wherein it consists of a copolymer of L-lactide and
glycolide.



